ABSTRACT The effect of dietary taurine was investigated on performance and immune responses in growing (1 to 42 d) Japanese quail. One-day-old quails of both sexes (300) were randomly allotted to 12 groups with 25 quails in each group (3 dietary treatments, 4 replicates). They were fed with maize-soybean mealbased diets containing 0, 0.01, or 0.05% taurine for 42 d. Dietary 0.01% taurine decreased food intake (P < 0.05) in the starter phase but did not affect BW gain and feed efficiency from d 1 to 42 of age. In the starter phase, dietary 0.05% taurine did not affect food intake but increased weight gain and improved feed efficiency (P < 0.05). In the grower phase, dietary 0.05% taurine did not affect weight gain but improved feed efficiency and decreased food intake (P < 0.05). In the overall period, dietary 0.05% taurine improved feed efficiency and decreased food intake (P < 0.05). The relative weights of thymus were greater in the quails given 0.01% taurine in diet (P < 0.05). The relative weights of the bursa of Fabricius and thymus were greater in dietary 0.05% taurine compared with the control (P < 0.05).The quail serum anti-Newcastle disease virus hemagglutination antibody titer in the taurine-supplemented diet had no significant effects compared with the control (P > 0.05). The response to phytohemagglutinin measured as the foot web index was significantly increased by 0.05% taurine supplementation (P < 0.05). It is concluded that the taurine-supplemented diet has a beneficial effect on immune responses and performance in growing Japanese quail.
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INTRODUCTION
Taurine, 2-amino ethanesulfonic acid, first isolated from ox bile (Tiedemann and Gmelin, 1827) , is a conditionally essential amino acid that is found in the tissues of most animal species (Wright et al., 1986) . Taurine is involved in several physiological processes including membrane stabilization, bile acid conjugation, osmoregulation, antioxidation, modulation of cellular calcium flux, and modulation of immunity (Thurston et al., 1980; Pasantes-Morales et al., 1985; Mizushima et al., 1996; Redmond et al., 1998; Satoh and Sperelakis, 1998; Refik-Mas et al., 2004) .
Taurine is typically found in relatively high concentrations in fish meal and animal by-products but is almost nonexistent in plants (Zhao et al., 1998) . Monson (1969) reported that one of the unidentified growth factors in fish meal is taurine. Anderson et al. (1975) observed that dietary taurine addition improved performance of chicks fed a purified diet deficient in sulfur amino acid. Feed efficiency was improved by supplementation of taurine to broiler cockerels and turkey poults at 1 wk of age. Dietary taurine did not affect turkey poult weight gain at 1 wk of age and decreased overall feed efficiency at 3 wk of age (Tufft and Jensen, 1992) .
Although the functional roles of taurine are numerous and still being defined, the role of dietary addition of taurine on quail growth and immune function has not been investigated. Therefore, the objective of the present experiment was to determine the influence of taurine supplementation to a maize (Zea mays L. indentata Sturt)-soybean meal basal diet on the immunity and growth performance in 1-to 42-d-old of Japanese quails.
MATERIALS AND METHODS

Experimental Birds and Experimental Design
One-day-old Japanese quails (Coturnix coturnix japonica) of both sexes were randomly selected and divided into 12 groups of 25 chicks (3 dietary treatments, 4 replicates); the females and males in all groups had the same proportion. All birds were placed in wire cages in a temperature-controlled house. The ambient temperature was 37°C on the first day and gradually decreased to 24°C by the end of the third week and was then kept constant. Birds were given 24 h of light per day on d 1 to 3, which was decreased from 22 h per d on d 4 to 14 h on d 16 and then kept constant. The birds were given a standard basal diet (Table 1) . Feed and water were provided and supplied ad libitum daily. Body weight and feed consumption per replicate were determined weekly. All birds were vaccinated with the Newcastle disease vaccine (La Sota strain, live virus; Qian Yuan Hao Biological Co. Ltd., Beijing, China) through the intraocular-nasal route on d 7, 21, and 35.
Experimental Diets
The basal diet contained 240.6 g/kg of CP and 2,847.4 kcal/kg of ME (NRC, 1994) . Two experimental diets were formulated to contain an additional 0.01 and 0.05% taurine per kilogram of basal diet, respectively.
Production Performance
Body weights of each chick and food consumption of each group were recorded weekly starting from 1 d of age and weight was recorded to the nearest 0.01 kg. Growth performance was evaluated in terms of live weight gain, food intake, and feed conversion ratio.
Immune Organs and Liver Weight
At the end of the experiment, 3 birds from each replicate of the treatments (12 birds per dietary treatment, n = 12) were selected randomly and killed to determine the relative weight of the immune organs (bursa of Fabricius, spleen, and thymus) and the liver. The thymus tissue was carefully dissected from each side of the neck to ensure complete removal. Organ relative weights were measured to the nearest 0.001 g.
Immunological Studies
The foot web index (FWI) was used as an index of the cell-mediated immune response. At 4 wk of age, 2 separate birds (1 male and 1 female) from each replicate were selected and the right foot web area was then injected intradermally with 0.25 mg of phytohemagglutinin (PHA; Sigma L-8754, St. Louis, MO) dissolved in 0.05 mL of PBS. Sterile PBS (0.05 mL) was injected into the left foot web to serve as a control. A micrometer was used to measure changes in the thickness of both foot webs with an accuracy of 0.01 mm. Measurements were made at 0 and 24 h after the injection, as described by Cheng and Lamont (1988) and Smits et al. (1999) . A stimulation index was calculated as the difference in the change in thickness of the PHAinjected foot web from the change in thickness of the PBS-injected foot web.
Hemagglutination Inhibition Test of Anti-Newcastle Disease Virus
At 6 wk of age, 3 birds from each replicate of the treatments (12 birds per dietary treatment, n = 12) were selected randomly. The antibody response to Newcastle disease virus infection of serum samples was assessed by the hemagglutination inhibition (HI) test. The nonheparinized blood samples were placed at 37°C for 2 h and then centrifuged at 840 × g/min for 20 min. Serum samples were collected. The HI test was performed using 4 hemagglutination units of La Sota vaccine strain of Newcastle disease virus (Qian Yuan Hao Biological Co. Ltd.) and 1% chicken red blood cells (Allan and Gough, 1974) . A duplicate 2-fold dilution series of each test serum was made and titers were expressed as base-2 logarithm values of the highest reciprocal of the dilution that showed.
Statistical Analysis
All of the data were analyzed by SPSS 13.0 software for Windows (SPSS Inc., Chicago, IL). The differences between the groups among treatments in each group were determined by 1-way ANOVA. Duncan's multiplerange tests were performed. Comparisons of the means with P-values equal or less than 0.05 were considered significantly different. Data were expressed as mean ± SD. 
RESULTS
Effects of Taurine on Performance of Japanese Quail
The effects of taurine on performance of quail are shown in Table 2 . In the starter phase(1 to 21 d), dietary 0.01% taurine did not affect feed efficiency and BW gain (P > 0.05) but decreased food intake (P < 0.05). Dietary 0.05% taurine did not affect food intake but increased BW gain and improved feed efficiency (P < 0.05). In the grower phase (22 to 42 d), dietary 0.01% taurine did not affect food intake, feed efficiency, or BW gain (P > 0.05); dietary 0.05% taurine did not affect weight gain but improved feed efficiency and decreased food intake (P < 0.05). In the overall phase, dietary 0.01% taurine did not affect food intake, feed efficiency, or BW gain (P > 0.05). Dietary 0.05% taurine did not affect BW gain but improved feed efficiency and decreased food intake (P < 0.05).
Effects of Taurine on Relative Immune Organs and Liver Weights
The effects of taurine on the relative immune organs and liver weights are shown in Table 3 . Dietary taurine had no significant effect on the relative weights of liver and spleen of quail at 6 wk. The relative weights of thymus were greater in the quails given 0.01 and 0.05% taurine in diet (P < 0.05). The relative weights of the bursa of Fabricius were greater in dietary 0.05% taurine compared with the control (P < 0.05). The relative weights of the bursa of Fabricius in the control diet and in the 0.01% taurine diet did not differ (P > 0.05).
Effects of Taurine on Serum HI Antibody Titer and FWI of Japanese Quail
The effects of taurine on immune status of quail are presented in Table 4 . Supplementation of 0.01 and 0.05% taurine had no significant effect on serum HI antibody titer at 6 wk of age compared with control (P > 0.05). Dietary 0.05% taurine increased FWI significantly (P < 0.05).
DISCUSSION
In this study, diets containing increased levels of taurine had an evident effect on early growth and feed efficiency of Japanese quail. These results are consistent with the findings of previous studies on broiler chickens (Martin, 1972; Anderson et al., 1975) and yellow tail juveniles (Matsunari et al., 2005) . The nutritional and physiological requirements for taurine in animals are partly supplied by dietary sources and partly by biosynthesis from methionine and cysteine (Tsuboyama et al., 1996) . Taurine is synthesized from methionine via cysteine by a series of enzymatic reactions. The enzyme cysteine sulfinate decarboxylase appears to be the rate-limiting step in taurine biosynthesis in many mammalian species and chicks (Jacobsen and Smith, 1968; Sass and Martin, 1972) . The activities of cysteine sulfinate decarboxylase in fetal liver and brain of humans, monkeys, rabbits, rats, guinea pigs, and cats are lower than in adult tissues (Sturman and Hayes, 1980) . The high need for taurine during development and the low capacity for endogenous biosynthesis make it difficult to satisfy the body need. The rate of synthesis may be inadequate to fulfill the taurine needs of quail fed an all-plant protein diet in starter phase. This may explain the difference in growth of the quail in starter phase and grower phase. The relative weights of the liver and spleen were not significantly influenced by dietary taurine (P > 0.05). Schuller-Lewis et al. (1990) reported that spleens from taurine-deficient cats were smaller than those from taurine-supplemented cats, which suggests that the absence of taurine could lead to a decrease in spleen weight. The relative weights of the thymus and bursa of Fabricius were significantly influenced by dietary taurine (P < 0.05). The stimulatory effect of the taurine treatment on growth and development of the lymphoid organ may be good at enhancing immune function. The bursa of Fabricius is a key lymphoid organ that is responsible for the development and maturation of B-lymphocytes. The thymus is essential for the maturation of T lymphocytes, which are the principal cells of cellular immunity. As a consequence, there would be larger populations of the mature cells available for export to the peripheral tissues. Increased populations of naive B and T cells in the secondary lymphoid tissues should have a positive effect on immune responses (Wang et al., 2001; Li et al., 2007) .
In the current study, the FWI was influenced by supplementing dietary taurine. The s.c. injection with PHA (acts as a T-cell mitogen) causes proliferation of T-cell populations, produces local inflammation, and the increased foot web thickness is directly related to the immunological condition (Merino et al., 1999; Smits et al., 1999) . It has been previously demonstrated that lymphocyte-derived cultured lymphoblastoid cells are stimulated and do proliferate in taurine-supplemented media (Tallan et al., 1983) . In mice, administration of taurine prevented the decline in T-cell number that occurs with aging and enhanced the proliferative responses of T cells in both young and old mice and the effect was more marked in cells from old compared with young animals. Taurine stimulated proliferation of lymphocyte T and B cells by increasing cytoplasmic Ca 2+ concentrations in these cells (Nishio et al., 1990 ). Because taurine is synthesized from methionine, studies found that dietary methionine enhanced cutaneous wing-web (Tsiagbe et al., 1987a,b) responses to PHA by additional methionine in young broiler chickens. Because FWI was used as an index of the cell-mediated immune response, increased FWI means increased cell immunity. Because taurine can increase FWI, taurine plays an important role in cell immunity.
In conclusion, dietary supplementation of 0.05% taurine exerts beneficial effects on growth performance of growing Japanese quail, especially during the starter phase (d 1 to 21). Taurine also has a positive effect on immune responses. Table 4 . Effects of taurine (TAU) on anti-Newcastle disease virus antibody titer (log 2 ) and the foot web index (FWI) of growing quails 
